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Is Condensed Better? Comparison of a Condensed Spatial Training Course to a Semester-long Version Abstract
This research paper presents a study on the impact of offering a remedial spatial training course over a condensed time frame. In this paper spatial skill development will be compared for students taking a traditional semester-long spatial training course with students taking the course over the first half of a semester. Grades in the training course and spatial test scores will be compared to determine student spatial development as a result of the course. Student attitudes about the timing of the course were surveyed at the end of the course to determine if they preferred a full-or half-semester offering of the course. Determining if a condensed version of a spatial training course is equivalent or better than a longer version may give institutions offering remedial spatial training courses more options for offering the training to their students.
Background
Many universities are implementing spatial visualization training courses to assist students with poorly developed spatial visualization skills based on research that has shown that students with initially weak spatial visualization skills that receive spatial training have higher retention rates and higher grades in STEM courses commonly taken during their first-year (such as Calculus I) than students with comparable visualization skills who do not take the spatial training. Through the National Science Foundation funded ENGAGE (Engaging Students in Engineering) program, over 41 post-secondary schools have implemented spatial visualization testing and training programs 1 . ENGAGE recommends the use of the "Developing Spatial Thinking" workbook 2 and software created by Dr. Sheryl Sorby in spatial training programs. The workbook and software contain 10 modules, and many of the schools that offer a spatial training targeted for students with poorly developed spatial skills, offer the training in once-weekly sessions that follow several or all of the modules in the workbook, while a smaller number of schools offer the training in a more condensed format through summer bridge programs or twice weekly sessions 1, [3] [4] [5] . No studies have been published to date that examine whether the effectiveness of the training is related to the time frame over which the training is conducted.
A number of universities and organizations have offered condensed versions of a variety of courses. Some have created accelerated courses and programs to accommodate the needs of non-traditional and part-time students 6 . Others universities offer intensive courses during summer or interim terms -a short term between the regular semesters (January or May terms). A review of intensive and traditional courses for a variety of disciplines by Scott and Conrad 7 found that when evaluating short-term measures (pre-and post-tests, exam scores, and course grades) and long term outcomes (post-tests administered several months later), the intensive courses are equivalent and sometimes superior to the traditional course formats.
Description of the Study
Spatial visualization skills of incoming engineering freshmen at Michigan Technological University have been assessed through the Purdue Spatial Visualization Test: Rotations (PSVT:R) developed by Guay 8 since 1993. Students scoring 60% or below on the PSVT:R have been encouraged or required to take a spatial visualization training course since that time. From 1993 through 1999, Michigan Tech operated on the quarter system and the spatial training course was offered as a 3-credit, 10 week course that met for two 1 -hour lectures and two hours of lab each week 9 . The course utilized hands on construction activities, paper and pencil sketching activities, and solid modeling activities that corresponded to the course topics. In the fall of 2000, Michigan Tech converted to the semester system and from 2000 to 2002, the spatial training course was offered as a 1-credit, 15 week course that met once weekly for two hours (110 minutes) of lab. In this 1-credit course, the instructor introduced the topic for the day in a 10 to 20 minute lecture after which students worked through software specifically developed for the course and completed assigned pages in the Introduction to 3D Spatial Visualization workbook 10 . A 2005 study by Sorby 11 concluded the 1-credit semester course was as effective in improving spatial skills as the 3-credit quarter system course.
Since 2005, the spatial visualization course has been offered as a 14-week course that meets for 80 minutes over a 14-week semester. The 80 minute session is conducted in much the same manner as the 2000 -2002 version of the course, where students are introduced to the topic of the day in a 15 to 20 minute lecture and in-class exercises, work through software module exercises, and then complete workbook pages that are assigned as homework. For most topics, students are able to complete the homework during the 80 minute class session. The course covers all ten modules in the "Developing Spatial Thinking" workbook by Sorby 2 , and includes two quiz days, pre-testing on the first day of class, and post-testing on the last day of class. One class day is also spent on sketching exercises similar to those developed by Diarmaid Lane and Niall Seery 12 . A final comprehensive exam is given during the final exam period.
About half of the students taking the spatial training course are concurrently taking an introductory engineering course which includes graphics instruction. The graphics instruction in the engineering course is purposely placed at the end of the semester to allow students taking the spatial training course to improve their spatial visualization skills before that topic is covered in the engineering course. However, because both the engineering and the spatial training courses span the entire semester, the graphics instruction occurs in the engineering course before the students have completed the spatial training course. This results in some graphics topics being taught in the engineering course before the topic is introduced in a more thorough manner in the spatial training course. Also, toward the end of the semester, some students in the spatial training course appear to be pre-occupied with their other courses and begin to work on homework for other courses during the spatial training class or leave the spatial training class immediately after the lecture portion instead of staying and completing the workbook pages assigned as homework.
In order to address these issues and in preparation for potential first year engineering curriculum changes, in Fall 2014 and Fall 2015 two of four sections of the spatial training course were offered twice a week for the first half the semester to determine if offering a condensed spatial training results in 1) equivalent or better improvement in spatial skills and 2) improved student engagement over the once-weekly full semester course offering. Scores on common spatial tests, spatial training final exam scores, and course grades were compared for the two groups.
Additionally, a survey was administered to students in the two groups to determine student preferences for either the traditional semester-long course or the half-semester course.
In fall 2014, two instructors taught the four sections of the spatial training course. Each instructor taught one full-semester and one half-semester section of the course. In fall 2015, one instructor taught all four sections of the course included in the study. In this manner, instructor effects would not bias the results.
Study Participants
Students in the study were freshmen engineering students at Michigan Tech. The majors represented in the study include mechanical, electrical, chemical, environmental, civil, materials science, computer, biomedical, and engineering undecided students. All students in the study scored 60% or below on the PSVT:R and were required to take the spatial training course. Students were randomly placed in the half-semester or full-semester course by the registrar. Over the two semesters, 146 students took the half-semester spatial training course while 152 students took the full-semester version of the course. The students in the half-semester course were told they were in a trial version of the course as it was typically offered over the entire semester, while the students in the full-semester version were not told anything regarding the two different offerings of the course.
Students in the experimental and control groups seemed to be equally matched as far as pre-test PSVT:R and math ACT scores as shown in Figure 1 below. Students in the study on average scored about 15 out of 30 on the PSVT:R administered during orientation. There was no statistical difference in the PSVT:R scores of the students in the half-semester (experimental) and the full-semester (control) groups. Math ACT scores of the two groups were also compared, and again, there was no statistical difference between the Math ACT scores of the two groups. 
Discussion of Results
In addition to the PSVT:R test administered during orientation in order to identify those who would benefit from spatial training, two other standard spatial visualization tests are administered to the students in the first day of the spatial training course: The Mental Rotations Test (MRT-A), and a 10-question version of the Mental Cutting Test (CEEB). As with the PSVT:R and Math ACT scores, there were no statistically significant differences on the MRT-A and MCT pre-test scores between the two groups. These tests and the PSVT:R are administered again on the last class day in order to measure spatial visualization gains for the students. Posttest scores on these three tests were compared for the experimental and control groups, and as for the pre-test scores, no statistically significant difference between scores of the two groups was found. However, when comparing gains from pre-to post-test scores, the experimental group showed slightly larger gains. The gains from pre-to post-test scores are compared in Figure 2 below. A final exam is given in the course during final exam week for the full semester course, while the final exam was given on the evening of the last day of class for the half-semester course. The final exam is comprehensive, covering all but two of the ten workbook modules, and students in both the experimental and control groups were given an identical final exam. As with the spatial test scores, no statistically significant differences in the final exam scores of the two groups was found. However, when comparing overall grades in the course (on a 4-point scale), the experimental group had marginally statistically higher overall course grades than the control group (p = 0.04). The overall course grades are shown in Figure 3 below. Course components that contribute to the overall course grade include homework, attendance, two quizzes, the posttest scores, and the final exam grades. One reason the experimental group may have had higher overall course grades could be because only two students in the study failed the course, and both students were in the control group. To determine if the students had a preference for the length of training they received, all students were given a survey at the end of their training. The students in the full-semester version of the course (control group) were asked to rate their level of agreement with the following two statements on a five-point Likert scale (Strongly Disagree to Strongly Agree):
1. I liked that the course met once a week and lasted the entire semester. 2. I would have preferred meeting twice a week and completing the course in half a semester.
These students were given a paper version of the survey during their last class period during 14 th week.
The survey response rate for the full-semester students was 94%, with 143 of the 152 students completing the survey. Control group student responses, shown in Figure 4 , indicate general satisfaction with the full-semester training as nearly half the students (47% of respondents) agreed or strongly agreed that they liked that the training lasted the full-semester with another 24% that were neutral. However, 25% of the students did not like having the training over the full-semester and as shown in Figure 5 , nearly 50% of the students in the full-semester course reported that they would have preferred meeting twice a week for only half the semester. Students in the half-semester version of the course were given a survey similar to the students in the full-semester version. These students were asked to rate their level of agreement to the following statements (Strongly Disagree to Strongly Agree):
1. I liked that the course met twice a week and lasted half the semester. 2. I would have preferred meeting once a week over the full semester.
Three of the four half-semester sections of the course were given a paper survey to complete during their last class period of their training in week 7, while one of the half-semester sections was given the same survey electronically using doodle poll at the end of the semester. The electronic survey was sent out eight weeks after the half-semester training was completed at the same time the full-semester students were completing their surveys. While the response rate from the half-semester students that received the electronic survey (17 of the 42 students, 40%) was lower than those receiving the paper survey (98 of 104 students, 94%), their responses were similar to those that received the paper survey, as shown in Figures 6 and 7 . It is clear from these figures, that the students in the half-semester version of the course liked it. More than 90% of the students agreed (65% of the students strongly agreed) that they liked meeting twice a week and 90% of the students indicated that they would not have preferred meeting once a week. Percent of responses I would have preferred meeting once a week and completing the course over the full semester.
Paper Survey Electronic Survey
Conclusion
In this study a spatial training course was offered in the traditional format, once a week for 14 weeks, and in a condensed version, twice a week for the first 7 weeks of the semester. A comparison of incoming spatial skills as measured using the pre-test results from the PSVT:R, MRT, and MCT indicates that there was not a statistically significant difference between incoming spatial skills for the two groups. Post spatial test results indicate that the condensed version of the course results in equivalent or slightly better gains than the full-semester version of the course. Results from student surveys indicate the students prefer the condensed training.
Future work includes post-testing the students in the study at the end of their first year in order to determine if spatial skills are retained at the same rate for the two groups.
